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(54) A Method of Recovering Lead 
Values from Scrap Batteries 



(57) Lead is recovered from the paste 
fraction of scrap lead batteries as a 
solution of lead nitrate by a wet 
process which involves a preliminary 
desulphation of the paste fraction by 



treatment with a carbonate or 
hydroxide of an alkali metal or of 
ammonium. The solid phase of the 
reaction product is then treated with 
nitric acid, to convert into lead nitrate 
the lead present as metal, as lead 
monoxide and as lead dioxide, in the 
presence of hydrogen peroxide or of 
added lead. 
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SPECIFICATION 

A Method of Recovering Lead Values from Scrap Batteries 

Scrap ,ead baner.es era treated In e $%£%£?£J££Z S-SSHT 

and PbO and some metallic lead are also P^ent samD | e s taken from different battery 

! 0 We have found that the total ^^nted a •^£»JJJJ -r^ amount of lead 

1 ° breaking machines varied I between .70K« 80% o£ bSE" 1 % end 25%. and the 
present as sulphate vanod between 24% and 41%. J^JJ^J^ ^ as percentages by weight 
amount as lead dioxide between 1 1% and 26%. All J^fg*^ |ea 9 d su1 ha ^ e and as lead dioxide 
on the solids in the paste. The venations in the t t ^S^SS!i!imSi* are scrapped. The metallic 
, 5 arise from variations in the state of charge* ffJ^^^T JJH constituSs the active material 

20 1 5% of lead monoxide. necessity for smelting and to provide a wet 

The object of the present invention .s to avoid ^^ffL^ into 9 an aqU eous solution of 
process for converting the ead P-^^tSS^SSiS oSead chromate pigments. 

pb0+2HN0,-Pb(N0A+2 H.O 111 

MetalHc iced dM» - V^^^^^^^^^^^ 
Including nitrous oxide (N.0I. "■^^^^^ffi odd. end therefore vny during the 

with a carbonate of an alkali metal e.g. sod ""T^* 0 " 8 " °^|ch is soluble in nitric acid, or with an 
carbonate to convert the lead sulphate '^'^"^"xWe or wrth ammonium hydroxide, which 

c^eTe^t^^ 

temperature In the range ol 11 0-1O0 C. ^ desulph8t|()n of banen , 

«£S eh.^»raZ^ 
45 "There remains the ^^^^^^^^SmMrta is soluble In nitric sold 
55 EZXSXEZSX ror-amS^nconveSed ,.ad suiphete as mey be present 

""T^roftrrgTh^eddloxIde .^^^ 
60 tt^JSSSSSSi SMSS Si-, to be etfecdve. . raacra as 
follows with lead dioxide in the presence of nitric acid.— 

Pb0 2 +H 2 0 2 +2HN0 3 ^b(N0 3 ) 2 +2H 2 0+0 2 < 2 > 

the oxygen escaping and I leaving no ^^Z^r^Q^o^s with nitric acid if lead 55 

55 dio xid™a« 

without the necessity of using a reducing agent:— 

Pb+Pb0 2 +4HN0 3 -*2Pb(N0 3 . 2 +2H 2 0 (3) 
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As a practical matter, the paste fraction is highly unlikely to contain sufficient lead for this 
reaction to take place and it will normally be necessary to add up to 1 -J- parts of lead, e.g. in the form of 
granulated lead or of broken battery grid, by weight per cent weight of lead dioxide. The amount of 
nitric acid should of course be sufficient for reaction with the lead dioxide, the lead monoxide and all 
5 the lead present. 5 

The reaction with nitric acid, in the presence of added lead, requires to be carried out at an 
elevated temperature in the range of 40 — 90°C. 

The invention accordingly provides a method of recovering lead as an aqueous solution of lead 
nitrate from the paste fraction derived from scrap lead batteries, which comprises subjecting the paste 
10 fraction to desulphation by treatment with a carbonate or hydroxide of an alkali metal or of ammonium, 10 
separating the solid and liquid phases of the reaction product, and then treating the solid phase with 
nitric acid in the presence of hydrogen peroxide, or in the presence of added lead and at a temperature 
in the range of 40 — 90°C, to convert to lead nitrate substantially all of the lead present in the solid 
phase. 

1 5 While the relative proportions of the different lead values in the paste fraction will inevitably vary 15. 
from time to time, analysis of the paste fraction from time to time will enable the amount of added lead 
to be so organised that procedure in accordance with equation (3) will result in recovery of the great 
bulk of the lead values. All that will be lost is any excess of either lead or Pb0 2 , generally the latter, over 
that which reacts in accordance with equation (3). 

20 The product is an impure aqueous solution of lead nitrate having a pH value of 1 — 2. Two of the 20 
impurities are bismuth and iron, the bismuth being derived from the lead in the batteries and the iron 
from corrosion of parts of the battery breaking plant. These impurities can be removed by raising the 
pH of the solution to a value in the range of 3 to 4 by addition of PbO and filtering to remove the 
compounds of bismuth and iron. The added PbO reacts with excess nitric acid to form lead nitrate and 

25 adjustment of the pH value removes dissolved antimony a small amount of which is often present in a 25 
lead nitrate solution prepared wholly or in part from grid metal. When reaction of the lead dioxide with 
nitric acid is effected in the presence of added lead, it may be desirable to oxidize the iron to the ferric 
state by addition of hydrogen peroxide before adjusting the pH value. Another impurity is copper 
derived from cable ends, which can be removed by taking advantage of a form of cementation reaction 

30 in which a relatively more noble metal is precipitated by a more base metal, in this case metallic lead. 30 
Copper nitrate in solution reacts with lead according to the equation: 

Cu (N0 3 ) a +Pb-»Cu+Pb (N0 3 ) 2 (4) 

Copper can therefore be precipitated as metal by addition of lead, as rolled strip, granules or powder. 
Preferably the removal of copper is effected after iron and other elements have been removed by 
35 adjustment of the pH of the solution to 3 — 4; in this pH range the concentration of free acid is too 35 
low for any risk of redissolution of copper to exist. 

If sodium carbonate is used for desulphation, the lead sulphate is converted into a double salt, 
lead sodium carbonate, in which some sodium is chemically combined. The final lead nitrate solution 
accordingly contains some sodium. For many purposes this sodium can be tolerated; if it has to be 
40 removed it is necessary to introduce an extra step in which the desulphated solids are slurried in water 40 
and carbon dioxide is passed through before treatment with nitric acid. In Example 8 below, in which 
the removal of sodium was so carried out, the final solution contained 0.21 % of sodium. In example 9, 
in which sodium was not removed, there was ten times as much. 

The purified lead nitrate solution can be concentrated to a desired strength for sale or, 
45 alternatively, the lead nitrate can be recovered as crystals from the solution. 45 
In the following Examples, all parts are by weight unless otherwise stated: — 

Example 1 

1 0 g of lead dioxide were stirred with 1 5 g of granulated lead in 1 00 cm 3 of a 20% (w/v) solution 
of nitric acid for 30 minutes at 60°. The lead dioxide all dissolved in 30 minutes. 

50 Example 2 50 
A similar reaction mixture to that of Example 1 was stirred at room temperature. A clear solution 
was produced after 2 hours. 

• These two examples illustrate only the reaction of lead dioxide with nitric acid in the presence of 
lead. Together they show that the reaction is more rapid at elevated temperatures, and In practice it 
55 has been found thst in the treatment of actual desulphated battery paste using broken grid metal to 55 
dissolve the lead dioxide the rate of reaction at room temperature is unacceptably low. 
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Example 3 .' . . 

This example concerns a battery paste fraction containing. — 

Total lead 78.5% 

Lead as lead sulphate 28.4% 

Lead as metal 1 8.1% 

Lead as lead dioxide 20.4% 

Lead as lead monoxide 1 1 -6% 
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15 



amount .required wmum em . k . equivalent) of those lead compounds, the 

Miv hases) and a so ution containing 81.8 g ot leaa as nuraxe. Miiuwiuy » 
SS^SSSSSid from the battery material was 73.2 g, represenfng a y.eld of 93.2%. 
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20 Exam Pj? s * xamp | e concerns a battery paste fraction containing:— 

Total lead JJ-J* 

Lead as lead sulphate 41 .b% . 

Lead as metal f.2% 

2S Lead as lead dioxide 26 *Z* 

^ Lead as lead monoxide 

1 00 g of materia, were treated as in Example 3. with thefojlowing ^^SSSSSS^Q by 
reagents, made to take account of the different f c ™|^ 

stirring for one hour wrth . , so lution of ^.Bg of aod.um carbonate m ^ ^ ^ rf g2 3Q 

representing an extraction of 99.4%. 

EXBm This example concerns a battery paste fraction containing:— 

Total lead 72.7% 

, 0 Lead as lead sulphate 39.5% 

Lead as metal J 0.7% 
Lead as lead dioxide 

Lead as lead monoxide 11.1% 



400 cm* of water, at room temperaorre. After fM^'J {JJ "^J rf^ 70% Ww eolation 

PbS0 4 +2 NaCH-»PbO+H 2 0+Na 2 S0 4 < 5 > 
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30.5 g. The final percentage extraction of lead as dissolved lead nitrate was 89.996. 

In this example the amount of sodium hydroxide used was exactly the stoichiometric equivalent 
of the lead sulphate. 

Example 7 

This example concerns the same battery paste fraction as that used in Example 5; it illustrates the 
use of broken grid metal to take up lead dioxide. 

200 g of the battery paste fraction was desulphated as described in Example 5 and the solids, 
after filtration, were slurried in 600 cm 2 of water at 70°. A total of 25.3 g of broken grid, metal fraction 
containing 90% of lead, was added, together with 1 25 g of nitric acid in the form of 1 25 cm 3 of the 
70% w/w solution. The completion of the dissolution of the lead dioxide was indicated by the 
disappearance of the characteristic dark brown colour of this substance after 1 -J hours. After a further 
30 minutes, the reaction mixture was filtered and a solution of lead nitrate was produced containing 
1 56.7 g of lead. After allowing for 22.8 g introduced by the grid metal fraction the amount of lead 
extracted from the paste fraction in the form of lead nitrate was 1 33.9 g. representing a percentage 
yield of 92.1%. 

Example 8 

This example describes the whole process, including the purification of the solution, and gives the 
amounts of typical impurity elements in the product. 

1 850 g of battery paste were stirred at room temperature for two hours with 2 litres of water in 
which were dissolved 390 g of sodium carbonate. The analysis of the battery paste was: — 
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Total lead 

Lead as lead sulphate 
Lead as metal 
Lead as lead dioxide 
Lead as lead monoxide 



65.7% 
37.5% 

2.9% 
20.2% 

5.1% 



25 



The desulphated solids were filtered off and reslurried in 2 litres of water. Carbon dioxide was 
passed through the solution for 4£ hours at a rate of 1 00 cm 3 per minute, to free the solids of 
combined sodium. The solids were filtered off once more. 

Two such portions, representing 3700 g of the original paste, were slurried in 5.5 litres of water 

30 and reacted first with 800 cm 3 of 70% w/w nitric acid corresponding to 800 g of anhydrous nitric acid. * 30 
Then 850 kg of broken battery grid alloy containing 94% of lead were introduced, together with a 
further 1 000 cm 3 of 70% w/w nitric acid corresponding to 1 kg of anhydrous nitric acid, the 
temperature was raised to 65°C, and the mixture stirred for four hours. A further 2 litres of water were 
added before filtration. To the filtrate were added 1 5 cm 2 of hydrogen peroxide, to oxidize iron to the 

35 tervalent state. The solution was brought to pH 3.5 by the addition of 47 g of lead oxide (litharge), and 35 
filtered. 

There were finally obtained 7.400 litres of a solution containing 326 g of lead per litre as nitrate. 
This was stirred overnight with a small quantity of rolled metallic lead strip to precipitate copper. The 
solution was then diluted with 0.913 I of water to provide 8.3 1 3 litres of a solution of lead nitrate 
40 containing 290 g of lead per litre, equivalent to 463 g of lead nitrate per litre. 40 

Exhaustive washing of the residue produced a further 221 g of lead nitrate in the form of a dilute 
solution. The filtration residue weighed 1088 g and contained 45.7% of lead. 

A mass balance for lead was drawn up as follows: 



input: 

45 3700 g of battery paste at 65.7% 

850 g of grid metal at 94.0% 
47 g of litharge at 



2431 g 
799 g 
44g 

3273 g 



45 



Output: 

50 8.3 1 3 litres of solution at 290 g r 1 

2.980 litres of solution at 74.2 g r 1 
1088 g of residue at 45.1% 
unaccounted for 



2411 g 
221 g 
497 g 
144 g 

3273 g 



50 



55 The analysis of the solution for impurities was as follows, the figures represent the percentage of 

impurity element calculated on the contained lead nitrate. 
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Sodium 0.21 Copper 0.003 

Antimony 0.0008 Iron mdetectable 

Example 9 ™„t a inino 306 ka of dry solids were sieved with water through a 1/8" 

retained on the screen. sodium carbonate. The suspension was 

ce „tr£^^ — 86 * * ^ 

10 SU,Ph8 l?eo^ 

dry solids. Included in this were 26.5% of lead as lead water and 240 kg of 6 0% 

* The centrifuged desulphated solids > were f"*^ 2 ^^™^^. 83 kg of 60% nitric 
nitric acid were added. There were next added ^^^Itr^ iZrslxMng the pH of the solution was 
acid, and a further 28 kg of 27% hydr ogen J^^^^S^^ thencentrif uged. 
1 5 raised by 3.0 by the addition of 75 kg of l,tha £ e ' ^« ^fij £ £ dry so lids; the lead content was 

This yielded 83 kg of wet centrifuge cake ^n ng B 4 kg of dry ^ rf ^ ^ 

20 were Th;tfs^r^ 

/noutr ... ^^r\-aoi 215.0 kg 

306 kg of dry battery paste solids at 70.3% 69.6 kg 

75 kg of litharge 
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284.6 kg 

2S Output: „_ _, 262.4 kg 

2990 litres of solution at 87.8 g r 22.0 kg 

54 kg of dry residue at 40.7% 0.2 kg 



25 



unaccounted for 



284.6 kg 
89.7% 30 



30 The yield of lead nitrate from the battery paste was 

"""ft tottery paste fraction used had the composition stated in Examples 5. 6 and 1 7. namely: 

Total lead ll'l* 

Lead as lead sulphate T«w 35 

Lead as metal J°J* 
35 Lead as lead dioxide 

Lead as lead monoxide 11,1,6 



40 



20 0 . o« me materia, was «*g*2^JEK3ES^ 
37.B g of commercial ammonium catenate md 13 °"> « ™ m fc ac|d „„<, hydI09en peroxide as 



40 



extraction of 94.8%. 
^ecomposmono.metane^^ 

extraction of 77.2%. 



50 



derived from scrap lead batter.es which ' 23Kl^£^«^"^"»- operating the solid and 
treatment with a carbonate or hydroxide . 0 J h a " a ' k e a '; i m q X °olid phase with nitric acid in the presence 
, iq uid phases of the reactor ^^JSSSSi S temperature in the range of 40_90°C. 
2 '^JEtt'Z&Stt * the lead present in the solid phase. 
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2. A method according to claim 1 , wherein the added lead is granulated lead. 

3. A method according to claim 1 , wherein the added lead is lead derived from broken battery 

grid. 

4. A method according to any one of the preceding claims, wherein the desulphation treatment is 

5 carried out at a temperature in the range of 1 0- — 1 00°C. 5 

5. A method according to any one of the preceding claims, in which sodium carbonate is used for 
desulphation and the solid phase is slurried in water and treated with carbon dioxide prior to reaction 
with nitric acid. 

6. A method according to any one of the preceding claims, in which the solution of lead nitrate is 

1 0 purified of bismuth and iron by raising its pH to a value in the range of 3 to 4 by addition of lead 1 0 

monoxide followed by filtration. 

7. A method according to any one of the preceding claims, in which the solution of lead nitrate is 
purified of copper by addition of lead. 

8. A method according to claim 1 , substantially as described herein with reference to any one of 

1 5 the foregoing Examples 3 to 1 1 . «j 5, 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa. 1981. Published by the Patent Office. 
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